INTRODUCTION
The first days after delivery in extremely low birth weight (ELBW) infants ( <1000 g) may be precarious, characterized by potentially serious fluid and electrolyte imbalances influenced by both normal physiologic changes and pathophysiologic events. 1 To avoid these imbalances, high fluid intakes are often required to maintain hydration and urine output, and to avoid electrolyte disturbances in the face of large insensible water losses (IWLs) from the skin and excessive urinary free water losses. 2 -6 Despite this knowledge, hypernatremia and hyperglycemia, 7 with associated hyperosmolality and hyperkalemia with cardiac arrhythmias, 8 are not uncommon events during the immediate postnatal days. IWLs are increased by the environmental conditions (e.g., radiant warmers or phototherapy) to which these infants are exposed, and may exceed 7.9 ml/kg per hour. 4, 6, 9, 10 The large fluid intakes required to balance IWL in ELBW infants can lead to excessive intravascular fluid volumes and hyperglycemia, and may complicate severe lung disease, increase the risk of patent ductus arteriosus (PDA), 11 and exacerbate intraventricular hemorrhage. In addition, recent studies have linked large fluid volumes with increased risks of bronchopulmonary dysplasia (BPD). 12 To date, methods to decrease and/or treat large IWLs have included plastic heat shields, 13 and thermal blankets, 14 humidified and nonhumidified incubators, 17, 18, 23 semiocclusive skin barriers, 24 preservative-free petroleum skin ointments (Aquaphor), 15 sterile water gastric drips, 16 and the use of large total fluids to match IWLs. Most of these treatments have limited effectiveness, may decrease access to the infant, or may lead to long-term complications (e.g., BPD). 12 In January 1997, we purchased new incubators capable of providing relative humidities of 40% to 80%. Clinical experience with this incubator led us to retrospectively review our results of fluid and electrolyte balance while utilizing humidification. We hypothesized that added humidity would result in decreased total fluid requirements and electrolyte disturbances, decreased dehydration, decreased PDA and BPD, quicker weight gain, and decreased length of stay.
DESIGN/METHODS
From January 1, 1995 to January 1, 1999, 166 infants with birth weight <1000 g were admitted to our intensive care nursery
OBJECTIVE:
To compare fluid and electrolyte management in extremely low birth weight ( ELBW ) infants nursed in humidified versus nonhumidified incubators.
STUDY DESIGN:
Setting -tertiary intensive care nursery. Subjects -all infants with birth weight < 1000 g admitted 1 / 95 to 1 / 99 who were treated with incubators and survived for > 96 hours ( N = 155 ) . Interventionretrospective comparison of daily weights, fluid intakes, urine outputs, and serum electrolytes between group 1 ( n = 70, nonhumidified incubators, born 1 / 95 to 1 / 97 ) and group 2 ( n = 85, humidified incubators, born 1 / 97 to 1 / 99 ) over the first 4 days after birth.
RESULTS:
Despite similar daily weight losses between groups, group 1 infants received higher fluid intakes, had lower urine outputs, and had a higher incidence of hypernatremia, hyperkalemia, and azotemia ( p < 0.05 ) . Although no differences in mortality or the incidence of patent ductus arteriosus, bronchopulmonary dysplasia, or the overall rate of nosocomial infections were observed, the proportion of gram -negative isolates increased significantly ( 62%, p < 0.05 ) following the introduction of humidified incubators.
Original Article
Of those infants, 155 survived at least 96 hours, were treated with incubators, and had their medical records retrospectively reviewed. All infants were initially nursed in radiant warmer beds, servocontrolled to maintain anterior abdominal wall skin temperature between 36.5 and 36.98C, and covered with a plastic heat shield. All infants were transferred into an incubator by 12 hours of age. Infants born between January 1995 and January 1997 were treated with nonhumidified, double-walled incubators (Isolette, Airshields) and comprised group 1 (n=70). Infants born between January 1997 and January 1999 (n=85) were treated with humidified (mean humidity 64%) incubators (Ohmeda Care Plus). All infants were cared for by the same attending neonatologists. Daily fluid orders were similar in both time frames, beginning with 80 to 100 ml/kg per day on day 1 with a goal of 150 ml/kg per day by day 5. Fluids were adjusted to allow no more than a 3% to 5% weight loss per day, with no more than a 15% weight loss by day 5, and to minimize hypernatremia (serum sodium (Na) >145 mEq/l), hyperkalemia (serum potassium (K) >5.6 mEq/l), and azotemia (serum blood urea nitrogen (BUN) >25 mg/dl).
These definitions were chosen as reasonable clinical action points used to alter medical management by the attendings in our nursery.
The main outcome variables investigated included total daily fluid requirement, weight, urine output (ml/kg per hour), serum electrolytes (Na, K, BUN), and the incidence of PDA and BPD. PDA was diagnosed by traditional 2-D and color flow Doppler echocardiography and considered significant if requiring treatment with Indomethacin or surgical ligation. BPD was defined as persistent respiratory symptoms combined with a compatible chest X-ray and oxygen requirement at 36 weeks' corrected age. 20 Nosocomial infection rates for the ICN as a whole during both time periods were also compared. Nosocomial infections (as defined by the Center for Disease Control guidelines) 19 were tracked monthly by the Department of Infection Control from all microbiological specimens submitted from the ICN. Infection rates for respiratory, urinary, wound, conjunctival, bloodstream and other infections were calculated using total number of patient days and total number of ICN admissions. Differences between group means were determined using the Student's t-test, whereas differences between group proportions were calculated by -squared analysis. All results are reported as a mean±one standard error (SEM) or as percentages where appropriate. Group differences were considered significant if p<0.05.
RESULTS
Patient demographics are shown in Table 1 . Although both groups were demographically well-matched for gestational age (26.3±0.3 vs. 26.7±0.2 weeks, NS), gender (37.1% vs. 47.1% males, NS), and proportion of small for gestational age (SGA) infants (24.3% vs. 23.5%, NS), the mean birth weight for group 1 infants (719±16 g) was slightly lower than group 2 (777±16 g, p=0.0l2). Despite similar daily weight losses (Figure 1 ), group 1 infants received higher daily fluid intakes (176.5±5 ml/ kg per day on day 1 to 192.6±4 ml/kg per day on day 3) compared to group 2 (163.6±4 ml/kg per day on day 1, p=0.027, to 180.3±3 ml/kg per day on day 3, p=0.017), and had lower hourly urine outputs (3.9±0.2 ml/kg per hour on day 1 to 4.3±0.2 ml/kg per hour on day 3) compared to group 2 (Figures 2 and 3 ). Though having received higher fluid intakes, group 1 infants were significantly more likely to experience hypernatremia (Na>145 mEq/l), hyperkalemia (K>5.6 mEq/l) and azotemia (BUN>25 mg/dl) ( Figure 4 ). Morbidity and mortality outcomes are shown in Table 2 . No differences in mortality, discharge weight, and incidence of bacteremia were observed. However, although not quite reaching statistical significance, group 1 infants, on average, received longer courses of assisted ventilation (36±3 vs. 29±2 days, p=0.052). Days of supplemental oxygen (75±6 vs. 67±5 days, p=0.305), length of stay (99±6 vs. 94±5 days, p=0.555), and likelihood of BPD at 36 weeks postmenstrual age (51.4% vs. 48.2%, p=0.692)
were not different. The incidence of PDA was also not different between groups.
Despite no change in the overall nursery nosocomial infection rate observed comparing 1995 to 1997 (7.2/1000 patient days) and 1997 to 1999 (7.3/1000 patient days, NS), a significant increase in the number of gram-negative isolates (55 vs. 92, p=0.01) was observed ( Table 3 ). The increase in gram-negative isolates was due primarily to Escherichia coli and Klebsiella pneumonia. The proportion of gram-negative isolates due to typical waterborne pathogens (Pseudomonas aeruginosa, Serratia marcescens) did not change (8.6% vs. 5.7%, NS). Of nosocomial sites recorded (respiratory, urinary, wound, conjunctiva, bloodstream), there were trends toward an increase in conjunctivitis (12.5% to 23%, NS), an increase in urinary tract infections (13.7% 
DISCUSSION
Recent advances in neonatal care have led to increased survival in ELBW infants. With the availability of surfactant replacement therapy, increased numbers of these infants are surviving the first few days of life, therefore forcing neonatologists to deal with extreme problems of fluid and electrolyte imbalances. Premature infants have immature skin with an ineffective epidermal barrier 21 that leads to enormous transepidermal water losses as great as 10 to 15 times that of a term infant. 21, 22 In the ELBW infant, these large fluid losses may result in significant morbidity secondary to dehydration, electrolyte imbalance, and thermal instability. 21 Clinical improvements made possible by surfactant replacement may be lost as a result of life-threatening hypernatremia 7 and hyperkalemia with cardiac arrhythmias. 8 In addition, the excessive fluid and glucose loads necessary to balance the large IWLs increase the risk of PDA 11 and have been linked with an increased risk of BPD. 12 A beneficial effect of humidity on survival of premature infants was reported as early as 1957. 17 Past studies have documented the beneficial effects of increased relative humidity of the surrounding air on improved temperature maintenance, 5,27-29 decreased transepidermal water loss, 5, 18, 21 and improved skin quality. 30 Humidification within the incubator has been used commonly in Europe for many years, 25 but was associated with a proliferation of Pseudomonas nosocomial infections in the United States in the 1970s and therefore abandoned. 26 With the development of improved incubators (with active humidification systems allowing direct heating of the water reservoir and external location of the reservoir for easy refilling and cleaning), incubator humidification has again become a therapeutic option. 27 This paper is the result of our retrospective review of the clinical use of humidified incubators in our ICN.
Although the mean birth weight for group 1 infants was slightly lower, both groups were well matched for gestational age, SGA status, and gender. Despite similar, modest daily weight losses (averaging less than 9% of birth weight by 96 hours postnatal age), group 1 infants received higher daily fluid intakes and had lower hourly urinary outputs, a finding consistent with increased transepidermal water losses as observed in past studies. 5, 18, 22 Even with their higher daily fluid intakes, group 1 infants were still significantly more likely to experience hypernatremia, hyperkalemia, and azotemia than group 2 infants in the first 96 hours after birth.
Our study was unlikely to have sufficient statistical power to demonstrate possible significant effects of humidified incubators on duration of assisted ventilation, days of supplemental oxygen, incidence of BPD, and management of PDA.
Although we observed no change in the overall rate of nosocomial infections between the two time periods, a significant increase in gram-negative isolates was observed in group 2. Coincident with the change to humidified incubators, our obstetrical service began universal group B streptococcal chemoprophylaxis (April 1997), which may have altered the maternal vaginal flora. As a result of a nationwide shortage of penicillin G in 1999, our patients' mothers were exposed to broader spectrum, antenatal antibiotics. We speculate that the treatment of an estimated 25% to 33% of all women in labor with prophylactic antibiotics may be the most likely cause for the increased proportion of gram-negative isolates observed, and not a result of incubator humidification.
To our knowledge, our study is the first to report a comparison between ELBW infants managed in humidified and nonhumidified incubators, and the associated improvements in fluid and electrolyte management. Although our study was retrospective in nature, all infants were managed by the same neonatal attending physicians in both time groups with no obvious changes in fluid management instituted. Past studies have shown that water balance is important to both short-term (electrolyte imbalance, dehydration, PDA) and long-term outcomes (mortality, BPD). 3, 7, 8, 11, 12 Although we saw no statistically significant differences in long-term outcomes, we theorize this may be a reflection of our small population number. For example, to demonstrate a 50% reduction in the need for PDA ligation (at an alpha of 0.05 and power of 80%), a sample size of >700 infants would be needed assuming an initial incidence of 11.4%.
CONCLUSION
ELBW infants nursed in humidified incubators have lower fluid requirements and higher urine outputs during the first four days after birth when compared to those nursed in nonhumidified incubators. These infants were less likely to develop hypernatremia, hyperkalemia 
